Osteoporosis associated with estrogen deficiency is the most common cause of age-related bone loss. The progressive decrease in bone mass associated with this disease leads to an increased susceptibility to fractures, resulting in substantial morbidity and mortality. 1) Normal bone remodeling is achieved by a balance of bone formation and bone resorption. These processes are closely regulated and are under the control of both systemic hormones and locally derived cytokines. Osteoblasts, typically located on bone-lining surfaces, are physically positioned to influence bone resorption.
Artemisia iwayomogi, a member of the Compositae, is a common, perennial herb found in Korea and has attracted considerable attention for its chemopreventive potential.
2,3)
Artenisia iwayomogi polysaccharide 1 (AIP1), a water-soluble carbohydrate from A. iwayomogi, has been reported to exhibit anti-tumor and immuno-modulating activities 4) and to suppress spontaneous or 2,3,7,8-tetrachlorodibenzo-p-dioxininduced apoptotic death of mouse thymocytes, likely by down-regulating fas gene expression. 5, 6) Methanol extracts of A. iwayomogi inhibit nitric oxide production of lipopolysaccharide-activated macrophages 7) and two sesquiterpenes from A. iwayomogi were reported to inhibit the expression of inducible nitric oxide synthetase (iNOS). 8) In another study, MeOH extracts of A. iwayomogi scavenged peroxynitrite (ONOO Ϫ ), a potent cytotoxic oxidant formed by the reaction of nitric oxide (NO) with superoxide radical (O 2Ϫ ). 9) Additionally, an aqueous extract of A. iwayomogi prevented immediate-type allergic reactions and inflammatory cytokine secretions in mast cells. 10) In an ongoing study to find bone-formative functional constituents from medicinal plants, one new (4) and twelve known phenolic compounds (1-3, 5-13) were isolated from a 70% MeOH extract of the aerial parts of A. iwayomogi. The structure of the new compound was 6,7-dimethoxy-coumarin-8-O-(6Ј-O-(E)-coumaroyl)-b -D-glucopyranoside (4) and named iwayomin. Furthermore, the effects of compounds 1-13 on the function of osteoblastic MC3T3-E1 cells were examined by evaluating cell viability, alkaline phosphatase (ALP) activity, collagen synthesis, and mineralization.
MATERIALS AND METHODS

General Experimental Procedures
Optical rotations were measured on a JASCO DIP-360 digital polarimeter. NMR spectra were recorded on a Bruker DRX 400 and 500 NMR spectrometers using tetramethylsilane (TMS) as an internal standard. High resolution-electrospray ionization (HR-ESI)-MS was carried out on a JMS-T100TD spectrometer (Tokyo, Japan). GC spectra were recorded on a Shimadzu-2010 spectrometer. Column chromatography was conducted using silica gel 60 (40-63, 63-200 mm particle size) and RP-18 (40-63 mm particle size), which were both obtained from Merck.
Plant Material Aerial parts of A. iwayomogi (Compositae) were collected at Jeju island in June 2007 and taxonomically identified by one of us (Young Ho Kim). A voucher specimen (CNU07105) has been deposited at the herbarium of the College of Pharmacy, Chungnam National University, Korea.
Extraction and Isolation The plants (3 kg) were extracted with 70% MeOH at room temperature for 1 d (10 lϫ3 times). The 70% MeOH extract (294 g) was concentrated under vacuum to give a gummy residue, which was then suspended in H 2 O (3 l). This solution was extracted with EtOAc (3 lϫ3 times) to give 45 g of an EtOAc soluble fraction and 220 g of a H 2 O soluble fraction. EtOAc soluble fraction (43 g) was chromatographed on a silica gel column eluted with a stepwise gradient of CHCl 3 and MeOH, to yield seven fractions (1-7). Fraction 3 was chromatographed on a silica gel column eluted with CHCl 3 -MeOH stepwise gradient (20 : 1-10 : 1-5 : 1), to yield five subfractions (3A-E). Compound 7 (9 mg) was obtained from fraction 3B (0.2 g) using a reversed-phase (RP) C 18 column eluted with MeOH-H 2 O (1 : 1). Compound 13 (7 mg) was obtained from fraction 3D (0.3 g) using a RP C 18 12 , 529.1335). Enzymatic Hydrolysis A mixture of 4 (5 mg) and bglucosidase (5 mg) in water (1 ml) was shaken in a water bath at 37°C for 24 h. The resulting mixture was extracted with EtOAc (1 mlϫ3), and the organic layer was evaporated in vacuo. The resulting residue was dissolved in dry pyridine (0.1 ml), and then L-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 ml) was added to the solution. After heating the reaction mixture at 60°C for 2 h, 0.1 ml of trimethylsiylimidazole solution was added. Heating at 60°C was continued for a further 1.5 h. The dried product was partitioned with n-hexane and H 2 O (0.1 ml, each), and the organic layer was analyzed using gas liquid chromatography (GC): DB-5 capillary column (0.32 mmϫ30 m); hydrogen flame ionization detector (FID); column temperature 210°C; injector temperature 270°C; detector temperature 300°C; carrier gas He (30 ml/min). Under these conditions, standard sugars gave peaks at t R (min) 14.12 and 12.24 for D-and Lglucose, respectively. The peak of the hydrolysate was detected at t R (min) 14.21 and identified as D-glucose by comparison with the retention time of the authentic samples after treatment with trimethylsilylimidazole in pyridine. Cell Culture and Materials MC3T3-E1 cells (RCB1126, an osteoblast-like cell line from C57BL/6 mouse calvaria) were obtained from RIKEN Cell Bank (Tsukuba, Japan). MC3T3-E1 cells were cultured at 37°C in a 5% CO 2 atmosphere in an a-modified minimum essential medium (a-MEM; GIBCO, U.S.A.). The medium contained 10% heatinactivated fetal bovine serum (FBS), 100 U/ml penicillin and 100 mg/ml streptomycin. 17 b-Estradiol (Sigma; purity Ն 98%) was used as the inhibitor control.
11)
Cell Viability The cells were suspended in the medium and plated at a density of 5ϫ10 3 cells/well into a 48-well plate (Costar, Cambridge, MA, U.S.A.). After 48 h, the medium was replaced with a medium containing 0.3% bovine serum albumin (BSA) supplemented with the sample. After 48 h of culture, cell proliferation was measured by MTT {3-(4,5-dimethyl-thiazol-2yl)-2,5-diphenyl tetrazolium bromide, Sigma, St. Louis, MO, U.S.A.} 12) assay. The medium was removed and 100 ml of 0.5 mg/ml MTT solution was added to each well. The plate was then incubated at 37°C. After 4 h, the medium was removed, and 100 ml dimethyl sulfoxide (DMSO) was added and mixed thoroughly to dissolve the formazan crystals. MTT reduction in living cells was quantified at 570 nm on a microplate reader; wells with untreated cells served as controls.
Alkaline Phosphatase (ALP) Activity The cells were treated, at 90% confluence, with a culture medium containing 10 mM b-glycerophosphate and 50 mg/ml ascorbic acid, to initiate differentiation. The medium was changed every 2-3 d. After 8 d, the cells were cultured with a medium containing 0.3% BSA and samples individually for 2 d. On harvesting, the medium was removed and the cell monolayer was gently washed twice with phosphate buffered saline (PBS). The cells were lysed with 0.2 % Triton X-100, with the lysate centrifuged at 14000ϫg for 5 min. The clear supernatant was used to measure the ALP activity, which was determined using an ALP activity assay kit (Asan Co., Korea).
Collagen Contents The cells were treated, at 90% confluence, with a culture medium containing 10 mM b-glycerophosphate and 50 mg/ml ascorbic acid. The medium was changed every 2-3 d. After 8 d, the cells were cultured with a medium containing 0.3% BSA and samples individually for 2 d. On harvesting, the medium was removed and the cell monolayer was gently washed twice with PBS. The collagen content was quantified by a Sirius Red-based colorimetric assay. The cultured osteoblasts were washed with PBS, followed by fixation with Bouin's fluid for 1 h. After fixation, the fixation fluid was removed and the culture dishes were washed by immersion in running tap water for 15 min. The culture dishes were air dried and stained by Sirius Red dye reagent for 1 h under mild shaking on a shaker. Thereafter, the solution was removed and the cultures were washed with 0.01 N HCl to remove any non-bound dye. The stained material was dissolved in 0.1 N NaOH. And the absorbance was measured at 550 nm.
Calcium Deposition Assay The cells were treated, at 90% confluence, with a culture medium containing 10 mM bglycerophosphate and 50 mg/ml ascorbic acid. After 12 d, the cells were cultured with a medium containing 0.3% BSA and samples individually for 2 d. Staining with Alizarin Red S is a standard method for the visualization of nodular patterns and calcium depositions of osteoblast cultures in vitro. At harvest, the cells were fixed with 70% ethanol for 1 h and stained with 40 mM Alizarin Red S for 10 min with gentle shaking. To quantify the bound dye, the stain was solubilized with 1 ml 10% (w/v) cetylpyridinum chloride for 15 min while shaking shielded from light. The absorbance of the solubilized stain was measured at 561 nm.
Statistics Statistical analysis was performed using oneway ANOVA with SAS statistical software. Data are presented as meanϮS.E.M. (nϭ3), and significance was accepted at pϽ0.05.
RESULTS AND DISCUSSION
Compound 4 was obtained as a white amorphous powder; the molecular formula was determined to be C 26 Additionally, twelve known phenolic compounds were identified as scopoletin (1), 15) scopolin (2), 16) 12) myrciaphenone A (5), 17) 2,4-dihydroxy-6-methoxy acetophenone 4-O-b-D-glucoside (6), 16) 2,4-dihydroxy-6-methoxyacetopbenone (7), 18) erythroxyloside B (8), 19) coniferin (9), 20) citrusin C (10), 20) tachioside (11), 20) benzoic acid (12), 20) and caffeic acid methyl ester (13), 21) by comparing their physical and spectral data with those found in the literatures. The current study represents the first time these compounds have been isolated from the Artemisia species.
Osteoblasts are bone-forming cells that regulate the deposition and mineralization of the extra-cellular bone matrix. MC3T3-E1 cells, an osteoblast-like cell line, reportedly retain their capacity to differentiate into osteoblasts and may provide useful information about the effects of phytochemicals in this process. 22) ALP, collagen, and mineralization are the most widely recognized biochemical markers for osteoblast activity. Thus, the effects of isolated compounds on cell viability, ALP activity, collagen synthesis, and mineralization of osteoblastic MC3T3-E1 cells were examined.
Osteoblastic MC3T3-E1 cells were treated with the thirteen isolated compounds at concentrations ranging from 0.4 to 10 mM. Increases in cell viability were observed for each compound (Fig. 3) . Among those, cell viability was significantly increased dose dependently to 126, 117, 117, and 118%, respectively, by the treatment with compounds 3, 4, 8, and 11 at 2 mM. Additionally, 2 mM of compounds 7, 12, and 13 also induced 123, 115, and 125% increases in cell viability, respectively. Thus, in terms of structure-activity, coumarin types (3, 4), acetophenone types (7, 8) , tachioside (11), benzoic acid (12) , and caffeic acid methyl ester (13) were apparently key functional elements determining cell viability.
Oteoblastic MC3T3-E1 cells, at confluence, were cultured in a differentiation-inducing medium and incubated in a medium containing the individual isolated compounds. Among the thirteen compounds tested, compounds 3-5, 7, 9, and 10 significantly increased ALP activity, as shown in Fig. 4 , by up to 120%. Compound 3 increased ALP activity up to 108% at a concentration of 0.4 mM. A 10-mM solution of compound 7 increased ALP activity by up to 112%. So, the presence of coumarin types (3, 4) , acetophenones types (5, 7), coniferin (9), and citrusin C (10) seemed to dictate the ALP activity. The effects of compounds (1-13) on collagen synthesis were evaluated using a Sirius Red-based colorimetric assay. As the results in Fig. 5 shown, all of the coumarin compounds (1-4) yielded significant increases in collagen synthesis, even at concentrations as low as 0.4 mM. Indeed, the effect was higher than that of the positive control, 17b-estradiol. The acetophenone 2,4-dihydroxy 6-methoxy acetophenone 4-O-glucoside (6) significantly increased collagen synthesis, up to 151%, at a concentration of 0.4 mM. Compounds 5 and 7 also exhibited increases in collagen synthesis, up to 135 and 134%, at a concentration of 0.4 mM. Collagen synthesis was also enhanced in the presence of phenol compounds (9-11) by up to 135, 151, and 130%, respectively, compared with the control.
The effects of compounds (1-13) on mineralization, another important process in differentiation, were examined by measuring calcium deposition via Alizarin Red staining. As shown in Fig. 6, compounds 1-7 , and 9-11 increased mineralization. Among those, compounds 1, 2, 4, and 6 significantly increased mineralization by up to 151, 127, 111, and 118%, respectively, at a concentration of 2 mM. Compounds 3 and 7 increased the degree of mineralization by up to 132 and 111%, respectively, at a concentration of 0.4 mM. Compounds 5 and 9 (10 mM) increased mineralization by up to 131 and 136%, respectively, relative to the control. Thus, coumarin types (1-4), acetophenone types (5-7), and 1, 2, 4 trisubstituted phenols (9-11) were important functional groups for mineralization. 
